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© A manufacturing method of a semiconductor de- 
vice, such as a dynamic RAM having fin-shaped, 
stacked cell capacitor in memory cell characterized 
by the following facts: first insulating layer (MTO 
layers (20), (28)) and second insulating layer (BPSG 
layers (21), (29)) are formed in order on a silicon 
semiconductor substrate (1); of them, at least the 
second insulating layer is subject to an etching pro- 
cessing step to manufacture the semiconductor de- 
vice; the etching solution used in this manufacturing 
process contains 1 .6-6 wt% of hydrogen fluoride and 
2.5-10 wt% of ammonium fluoride. 

Effect: The etching rate ratio of the first insulat- 
ing layer and second insulating layer can be set 
appropriately, and the various layers can be etched 
with excellent controllability. In this way, the surface 
is flat after the etching processing, and a uniform 
etching operation can be performed. 



Fig.l 



at 23 °C 

HF = 6 wt % (Constant ) 



< 1000 




0 2,5 6 10 20 ' 30 

NH4 F concentration (wt 7.} 



Rank Xerox (UK) Business Services 



EP 0 669 646 A1 



Industrial application field 

This invention concerns a manufacturing meth- 
od of semiconductor device (such as dynamic 
RAM having fin-shaped, stacked cell capacitors), 
and a type of etching solution used in the manufac- 
turing method. 

Prior art 

In the conventional method of manufacturing of 
semiconductor IC devices, interlayer oxide film 
made of oxide film formed by CVD (Chemical 
Vapor Deposition) method, low-temperature CVD 
oxide film known as MTO (Middle Temperature 
Oxide), and CVD oxide film known as BPSG (Boron 
Phosphor[sic]-doped Silicate Glass) are deposited 
on a silicon substrate, followed by dry etching for 
uniform etchback, so that the surface of the oxide 
film becomes flat. 

For example, as shown in Figure 28(A), in a 
processing step of the manufacture of the memory 
cell M-CEL of the dynamic RAM, polysilicon layer 
(16) as a portion of the lower electrode of the 
capacitor (in particular, fin-shaped, stacked cell ca- 
pacitor with a large area of the dielectric film or 
capacitance) is connected to the n + -type source 
region (3) of transfer gate TR, MTO layer (20) for 
forming the fin portion (to be explained below) is 
coated on the polysilicon layer; then, a BPSG layer 
(21) for flattening the surface is laminated on it at 
the position indicated by the dotted-dashed tine, 
followed by thermal reflow; then, the aforemen- 
tioned BPSG layer is etched to the position in- 
dicated by the solid line, so that the surface be- 
comes flat. 

In the figure, (1) represents a p~-type silicon 
substrate; (2) represents a field oxide film for ele- 
ment region isolation; (4) represents an n + -type 
drain region; (5) represents a gate oxide film; (6) 
represents an Si02 side wall; (7) represents an 
MTO layer for passivation; (8) represents an Si3N* 
layer for protection of the underlayer; (9) repre- 
sents an MTO layer for forming the fin portion (to 
be explained later); (10) represents a contact hole; 
WL represents a polysilicon word line. 

However, during the aforementioned etchback 
processing step, if the ratio of the etching rate 
between the two types of oxide films (that is, BPSG 
layer (21) and MTO layer (20)) is not selected 
appropriately, it is difficult or even impossible to 
realize the objective of flattening. 

That is, as explained above, for removal of the 
aforementioned interlayer insulating layer by 
means of the etchback process, compared with RIE 
(Reactive Ion Etching) or another dry etching meth- 
od, the wet etching method is better with respect to 
the mass production and uniformity, and is thus 



often adopted. However, for the wet etching meth- 
od, depending on the type of etching solution used 
in the process, there may be a significant dif- 
ference in the etching rate between BPSG layer 

5 (21) and MTO layer (20), and the controllability of 
the process is degraded significantly. Since the 
controllability is poor, the following serious prob- 
lems take place in practice. 

For the conventionally used etching solution, 

w for the aforementioned oxide films, because the 
etching rate on one of BPSG layer (21) and MTO 
layer (20) is too high, for example, if the etching 
rate of MTD layer (20) is too high, as shown in 
Figure 28(B), the principal portion of MTO layer 

75 (20) indicated by the broken line is etched off. 

Consequently, for the portion corresponding to 
the MTO layer (20) removed by etching (indicated 
by the dotted line), it is necessary to deposit and 
form the MTO layer again. This is a disadvantage. 

20 On the other hand, contrary to what was ex- 

plained above, when the aforementioned etching 
solution has a much higher etching rate for BPSG 
layer (21) than for MTO layer (20), as shown in 
Figure 29, BPSG layer (21) is overetched, leading 

25 to significant dip/bump or step pattern on the sur- 
face, and the surface does not become flat, and 
etching residue (21') of BPSG is left on the step 
portion in the periphery of polysilicon layer (16). 
As shown in Figure 30, due to presence of this 

30 step, MTO layer (9) is selectively removed by 
etching on polysilicon layer (16) to form through- 
hole (23). In this case, when polysilicon layer (22) 
is coated, although it is possible to form fin por- 
tions (16a), (22a), the overall dip/bump degree be- 

35 comes larger for the surface of. the memory cell, 
and problems may readily occur in subsequent 
processing steps, such as wiring of bit lines, etc. 

In order to solve the aforementioned problem, 
as shown in Figure 31, the aforementioned etching 

40 process, is performed appropriately to ensure that 
BPSG layer (21) remaining on polysilicon layer 
(16). However, in this case, although the surface 
becomes flat, the height of the capacitor is in- 
creased, this is apt to cause problems in bit line 

45 wiring and subsequent processing steps. 

On the other hand, in order to form the fin 
structure of the capacitor, as shown in Figure 32, 
with polysilicon layers (16) and (22) laminated in 
the aforementioned manner, BPSG layer (21), MTO 

so layers (20) and (9) are removed sequentially by 
etching. However, in this case, as was explained 
above, there is a significant difference in the etch- 
ing rate of the etching solution used between 
BPSG layer (21) and MTO layer (20). Consequent- 

55 ly, the following major problems take place. 

That is, when the etching rate of the MTO layer 
is too high, as indicated by arrow (24), the etching 
solution penetrates into the interface between poly- 
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silicon layer (16) and Si 3 N 4 layer (nitride layer) (8), 
and MTO layer (7) is thus partially etched off in the 
lower portion of Si3N* layer (8), forming voids (25) 
there. 

Also, the etching selection ratio of the etching 
solution for SiaN* layer (8) is insufficient depending 
on the etching solutions, and, since the thickness 
of Si3N* layer (8) is made as small as possible, 
Si3N* layer (8) itself is etched away as indicated 
by the broken line in Figure 32. As a result, there is 
the danger that oxide film (MTO layer) (7) on the 
gate's polysilicon word line WL may be etched off. 

In addition, as explained above, after BPSG 
layer (22), MTO layers (20) and (9) are etched off 
as explained above, as shown in Figure 33, after a 
dielectric film (26) made of ShN* is deposited on 
the surface of polysilicon layers (22) and (16) in- 
cluding fin parts (22a) and (16a) by means of CVD, 
a polysilicon layer (27) to he used as the upper 
electrode is formed by CVD on the surface, fol- 
lowed by processing to the prescribed pattern. 
Then, MTO layer (28) is deposited on the entire 
surface, and BPSG layer (29) is deposited to the 
position indicated by dotted-dashed line, followed 
by etchback of said BPSG layer (29). 

However, the same problems as above take 
place during the etchback processing. For exam- 
ple, when the etching rate of MTO layer (28) by the 
etching solution is much higher than that of BPSG 
layer (29), just as what was explained with refer- 
ence to Figure 28(B), the principal portion of MTO 
layer (28) is etched off as indicated by the broken 
line. 

As a result, a significant step is generated on 
the periphery of polysilicon layer (22). As shown in 
Figure 34, due to MTO layer (30), a step is left due 
to burying of the layer. When the bit lines BL are to 
be formed by etching the prescribed pattern for 
electroconductive layer (31) by sputtering a coating 
on MTO layer (30), the aforementioned step makes 
processing difficult. Also, after the processing, resi- 
due BL' of the electroconductive material is left, 
and as the amount of the residue is large, short- 
circuiting may take place between wires. 

Contrary to what was explained above, when 
the etching rate of BPSG layer (29) is too high, the 
same phenomenon as shown in Figure 29 takes 
place, and significant collapse takes place for the 
flatness of the surface after etching of BPSG layer 
(29), as shown in Figure 35. Consequently, the 
height of capacitor CAP is too large, causing prob- 
lems in the wiring stage of bit lines, etc. Also, there 
is a large amount of etching residue BL'. 

In order to eliminate the problem caused by 
the step, as shown in Figure 36, when etchback of 
BPSG layer (29) is suppressed, BPSG layer (29) 
after etching is left on the entire region on the cell, 
including capacitor CAP. In this state, the thickness 



of the interlayer insulating film in the contact area 
of bit line BL becomes rather large. As a result; the 
contact hole (31) on n + -type drain region (4) be- 
comes deeper. In this contact hole, the step cov- 
5 erage of the electroconductive electrode material 
for bit lines becomes poor, and wire breakage 
shown in the figure may readily occur. 

Problem to be solved by the invention 

10 

The purpose of this invention is to provide a 
manufacturing method of dynamic RAM or other 
semiconductor device characterized by the fact 
that multiple interlayer insulating layers can be 

rs etched with excellent controllability with the desired 
etching rate ratio, the elements with the desired 
shape (such as the aforementioned fin-shaped, 
stacked cell capacitor) can be processed, and the 
surface flatness and the step coverage property 

20 can be improved, as well as a type of etching 
solution used in implementing the manufacturing 
method. 

Means for solving the problems 

25 

That is, this invention provides a manufacturing 
method of semiconductor device characterized by 
the following facts: a first insulating layer and a 
second insulating layer are formed in order on a 

30 semiconductor substrate; there is a processing 
step in which at least the second insulating layer is 
etched; in this manufacturing method of a semicon- 
ductor device, an etching solution containing 1.6-6 
wt% of hydrogen fluoride and 2.5-10 wt% of am- 

35 monium fluoride is used in the aforementioned 
etching processing step. 

According to the manufacturing method of this 
invention, when the first insulating layer is formed 
from a low-temperature grown silicon oxide (such 

40 as said MTO), and the second insulating layer is 
formed from boron and/or phosphorus-containing 
silicon oxide (such as said BPSG), by selecting the 
aforementioned etching solution within the afore- 
mentioned composition (with respect to the total 

45 amount of the etching solution, the content of hy- 
drogen fluoride (HF) is in the range of 1.6-6 wt% 
and the content of ammonium fluoride (NhUF) is in 
the range of 2.5-10 wt%), it is possible to set 
appropriately the etching rate ratio between the 

so first and second insulating layers (interlayer insulat- 
ing layers) made of silicon oxide, and the various 
films can be etched with good controllability. 

In particular, it is possible to select the ratio of 
amount of HF and NH4F in an appropriate manner 

55 to ensure that the etching rate of the second in- 
sulating layer is greater than or equal to the etch- 
ing rate of the first insulating layer by a prescribed 
margin. Consequently, when etching of the first 
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insulating layer is performed after etching of the 
second insulating layer, and when the second in- 
sulating layer is etched back for flattening, the 
various layers can be etched at appropriate rates, 
and it is possible to prevent the aforementioned s 
problem that etching of the lower layer progresses 
too fast when etching is performed for the upper 
layer. 

For example, when the capacitor is formed on 
the memory cell, as the interlayer insulating layer w 
of the capacitor, the first insulating layer is formed; 
then, the second insulating layer is formed on the 
first insulating layer, and at least the second in- 
sulating layer is etched. 

More specifically, this invention is effective for 15 
the manufacturing method of a semiconductor de- 
vice (such as a dynamic RAM characterized by the 
fact that when the second electroconductive layer 
(such as a polysilicon layer) is laminated as the 
lower electrode on the first electroconductive layer 20 
(such as the polysilicon layer) so as to form a 
stacked cell capacitor, there are the following pro- 
cessing steps: 

processing step in which a first insulating layer 
and a second insulating layer are formed in order 25 
on the aforementioned first electroconductive layer; 

processing step in which the aforementioned 
second insulating layer is etched to become flat, 
while the aforementioned first insulating layer is 
exposed on the aforementioned first electroconduc- 30 
tive layer; 

processing step in which the exposed first in- 
sulating layer is removed selectively, and the afore- 
mentioned second electroconductive layer is 
formed on the aforementioned removal region; 35 

processing step in which the aforementioned 
second insulating layer and the aforementioned 
first insulating layer are etched after the aforemen- 
tioned processing step; 

processing step in which after the etching pro- 40 
cess, a dielectric film is formed on the surface of 
the aforementioned first electroconductive layer 
and the aforementioned second electroconductive 
layer (for example, formation of Si3N 4 layer, or a 
portion of Si3N 4 layer is taken as the oxide film); 45 

processing step in which a third electroconduc- 
tive layer (such as a polysilicon layer) is formed as 
the upper electrode on the aforementioned dielec- 
tric film; 

processing step in which the aforementioned so 
first insulating layer and the aforementioned sec- 
ond insulating layer are formed in order on the 
aforementioned third electroconductive layer; 

and processing step in which the second in- 
sulating layer is etched to become flat. 55 

Or, this invention is effective in the manufactur- 
ing method of a semiconductor device (such as a 
dynamic RAM) characterized by the fact that when 



the cell capacitor is formed with only the first 
electroconductive layer used as the lower elec- 
trode, there are the following processing steps: 

processing step in which a dielectric film is 
formed on the aforementioned first electroconduc- 
tive layer; 

processing step in which an upper electrode is 
formed on the aforementioned dielectric film; 

processing step in which the first insulating 
layer and second insulating layer are formed in 
order on the aforementioned upper electrode; 

and processing step in which the second in- 
sulating layer is etched to become flat. 

In the aforementioned manufacturing methods, 
when the cell capacitor is formed with a fin shape, 
it is possible to form the aforementioned first in- 
sulating layer directly beneath the fin portion of the 
aforementioned first electroconductive layer. 

While the aforementioned first electroconduc- 
tive layer is connected to the source region of the 
memory cell, the aforementioned first insulating 
layer and the aforementioned second insulating 
layer on the upper electrode are also formed on 
the drain region, and contact hole is formed in the 
insulating layers including the aforementioned first 
insulating layer and the aforementioned second 
insulating layer on the drain region. 

This invention also provides a type of etching 
solution characterized by the fact that in the afore- 
mentioned manufacturing method, the etching solu- 
tion is used at least for etching the aforementioned 
second insulating layer, and that it contains 1.6-6 
wt% of hydrogen fluoride, and 2.5-10 wt% of am- 
monium fluoride. 

Reference will now he made, by way of example, 
to the accompanying drawings, in which:- 
(Figure 1) 

It is a graph illustrating the etching rate of 
buffered hydrofluoric acid as a function of the 
concentration of NH 4 F (with the HF concentra- 
tion held constant at 6.0 wt%). 
(Figure 2) 

It is a graph illustrating the etching rate of 
buffered hydrofluoric acid as a function of the 
concentration of NH 4 F (with the HF concentra- 
tion held constant at 1.6 wt%). 
(Figure 3) 

It is a graph illustrating the etching rate of 
buffered hydrofluoric acid as a function of the 
concentration of HF (with the NH* F held con- 
stant at 6.0 wt%). 
(Figure 4) 

It is a graph illustrating the etching rate of 
buffered hydrofluoric acid as a function of the 
concentration of NH 4 F (with the HF concentra- 
tion held constant at 0.5 wt%). 
(Figure 5) 

It is a graph illustrating the etching rate of 
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buffered hydrofluoric acid as a function of the 
concentration of NH*F (with the HF concentra- 
tion held constant at 4.0 wt%). 
(Figure 6) 

It is a graph illustrating the etching rate of 
buffered hydrofluoric acid as a function of the 
concentration of NI-UF (with the HF concentra- 
tion held constant at 8.0 wt%). 
(Figure 7) 

tt is an enlarged cross-sectional view illus- 
trating a processing step of the manufacturing 
method of a dynamic RAM memory cell accord- 
ing to this invention. 
(Figure 8) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 9) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 10) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 11) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 12) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 13) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 14) 

It is an enlarged cross-sectionat view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 15) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 

(Figure 16) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
cell. 



(Figure 17) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
5 cell. 

(Figure 18) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory 
70 cell. 

(Figure 19) 

It is an enlarged cross-sectional view illus- 
trating another processing step in the aforemen- 
tioned manufacturing method of the memory cell 
15 (corresponding to the cross-sectional view along 
line XIX-XIX of Figure 20). 
(Figure 20) 

It is a plan view of the aforementioned 
memory cell. 
20 (Figure 21) 

It is an enlarged cross-sectional view illus- 
trating a processing step of the manufacturing 
method of another type of dynamic RAM ac- 
cording to this invention. 
25 (Figure 22) 

It is an enlarged cross-sectional view illus- 
trating another processing step of the manufac- 
turing method of the aforementioned memory 
cell. 

30 (Figure 23) 

It is an enlarged cross-sectional view illus- 
trating another processing step of the manufac- 
turing method of the aforementioned memory 
cell. 

35 (Figure 24) 

It is an enlarged cross-sectional view illus- 
trating another processing step of the manufac- 
turing method of the aforementioned memory 
cell. 

40 (Figure 25) 

It is an enlarged cross-sectional view illus- 
trating another processing step of the manufac- 
turing method of the aforementioned memory 
ceil. 

45 (Figure 26) 

It is an enlarged cross-sectional view illus- 
trating another processing step of the manufac- 
turing method of the aforementioned memory 
cell. 

so (Figure 27) 

It is an enlarged cross-sectional view illus- 
trating another processing step of the manufac- 
turing method of the aforementioned memory 
cell. 

55 (Figure 28) 

It shows an enlarged cross-sectional view 
(A) illustrating a processing step of the manufac- 
turing method of the memory cell of a conven- 
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tional dynamic RAM, and an enlarged cross- 
sectional view (B) illustrating the problems that 
take place in this processing step. 
(Figure 29) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in the pro- 
cessing step shown in Figure 28 in the manufac- 
turing method of the memory cell. 
(Figure 30) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in the pro- 
cessing step in the manufacturing method of the 
memory cell. 
(Figure 31) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in the pro- 
cessing step in the manufacturing method of the 
memory cell. 
(Figure 32) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in another 
processing step in the manufacturing method of 
the memory cell. 
(Figure 33) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in another 
processing step in the manufacturing method of 
the memory cell. 
(Figure 34) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in another 
processing step in the manufacturing method of 
the memory cell. 
(Figure 35) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in the pro- 
cessing step illustrated in Figure 34 in the man- 
ufacturing method of the memory cell. 
(Figure 36) 

It is an enlarged cross-sectional view illus- 
trating the problems that take place in the pro- 
cessing step illustrated in Figure 34 in the man- 
ufacturing method of the memory cell. 

Application examples 

In the following, this invention will be explained 
in more detail with reference to application exam- 
ples. 

As explained above, for the interlayer insulating 
layer having a laminated configuration made of 
MTO layer (first insulating layer) and BPSG layer 
(second insulating layer), when etching is per- 
formed for the BPSG layer and then for the MTO 
layer, the wet etching method is appropriate for the 
etching process with respect to the mass produc- 
tion and uniformity. The present inventors exten- 
sively studied buffered hydrofluoric acid with NH 4 F 



added with respect to HF as components of the 
etching solution (etchant) used in the etching pro- 
cess. 

As a result of this invention, by appropriately 
5 selecting the composition of the buffered 
hydrofluoric acid (by means of concentration con- 
trol), the desired etching rate ratio and selectivity 
for the BPSG layer and MTO layer can be ob- 
tained, and the ratios can be controlled over rela- 
io tively wide ranges. For this point, a more detailed 
explanation will be presented in the following, in- 
cluding the experimental results. 

First of all, when an aqueous solution contain- 
ing 5 wt% of hydrogen fluoride (HF) alone is used 
15 as the etching solution for etching the aforemen- 
tioned laminate film, the etching rate for the BPSG 
layer is higher than that of the MTO layer by about 
4-5 times. 

On the other hand, when ammonium fluoride 

20 (NH 4 F) is added to the etching solution, the buf- 
fered hydrofluoric acid containing 6 wt% of HF and 
30% of NH*F is used as the etching solution, the 
aforementioned etching rate ratio is inverted, that 
is, the etching rate for the MTO layer is higher than 

25 that of the BPSG layer by about 2 times. 

Based on the aforementioned finding, the 
present inventors have checked the variation in the 
etching rates for BPSG layer and MTO layer when 
the contents of HF and NH4F in the buffered 

30 hydrofluoric acid are adjusted. 

For example, when the HF concentration is 
fixed at 6 wt%, while the concentration of NH4F is 
varied, as shown in Figure 1, the etching rates of 
BPSG layer and MTO layer are inverted with re- 

35 spect to each other when the concentration of 
NH4F becomes about 6 wt%. 

That is, when the concentration of NH4F drops 
to about 6 wt% or lower, as the concentration 
decreases, the etching rate for the BPSG layer 

40 rises, while the etching rate for MTO layer de- 
creases, leading to an increase in the difference 
between these etching rates. This difference 
reaches a maximum when the concentration of 
NH 4 F becomes 0 wt%. On the other hand, when 

45 the concentration of NH4F becomes about 6 wt% 
or larger, the etching rate ratio is inverted, with the 
etching rate for the MTO layer becoming larger. 
Before the content of NH4F becomes 10 wt%, as 
the etching rate of MTO layer rises, the etching 

50 rate of BPSG layer drops. Then, when the con- 
centration of NHvF rises above 10 wt%, while the 
difference between the two etching rates remains 
almost constant, both etching rates decrease, and 
the difference in the etching rate is maintained 

55 even under the aforementioned condition that HF 
= 6 wt% and NH4F = 30 wt%. 

For the etching solution containing HF alone 
(referred to as Comparative Composition 1 
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hereinafter), etching for BPSG layer becomes ex- 
cessive, and the problems explained with reference 
to Figures 29, 30, and 35 {that is, surface step and 
etching residue) cannot be avoided. For the etching 
solution containing 6 wt% of HF and 30 wt% of 
NHUF (referred to as Comparative Composition 2 
hereinafter), the etching of the MTO layer is exces- 
sive, and the problems explained with reference to 
Figures 28(B) and 32-34 (increase in the number of 
stages of formation of film, surface steps and etch- 
ing residue, voids in passivation film) cannot be 
avoided. 

In order to solve the problems encountered for 
etching solutions with Comparative Composition 1 
and Comparative Composition 2, it is necessary to 
have appropriate etching rate ratio or etching rate 
difference (selectivity) between the BPSG layer and 
MTO layer. In order to realize the purpose of this 
invention, it is very important to select appropri- 
ately the composition of the buffered hydrofluoric 
acid to ensure that the etching rate difference is 
smaller than the etching rate difference between 
BPSG layer and MTO layer, that is, with concentra- 
tion of NH+F of 10 wt% or smaller. Also, judging 
from the aforementioned problem, there is the sig- 
nificant disadvantage that the MTO layer is over- 
etched. Consequently, it is also important to ensure 
that the etching difference between MTO layer and 
BPSG layer is smaller than the etching rate dif- 
ference when NhUF = 10 wt%, while the etching 
rate for the MTO layer does not drop more than 
what is needed. From this point of view, it is 
necessary to have an NH 4 F concentration of 2.5 
wt% or higher. 

Then, with the concentration of HF decreased 
to 1.6 wt%, the same experiment was performed 
as above. As shown in Figure 2, just as with the 
aforementioned experiment, when the concentra- 
tion of NH4F is about 6 wt%, inversion of the 
etching rates of BPSG layer and MTO layer took 
place. From this result, it can be seen that even 
when the HF concentration is low, a appropriate 
etching rate ratio of BPSG layer and MTO layer 
can still be obtained when the NH*F concentration 
is higher than 2.5 wt% and lower than 10 wt%. 

Then, the experiment was performed as fol- 
lows. The purpose is to find the range of variation 
of the etching rates of BPSG layer and MTO layer 
when the HF concentration is varied while the con- 
centration of NH*F is fixed at 6 wt%. As shown in 
Figure 3, it can be seen that [the aforementioned 
etching rates) are equal to each other when the HF 
concentration is in the range of 1.6-6 wt%. There 
has been no other report on this phenomenon. This 
finding by the present inventors is unprecedented. 

For this phenomenon, as shown in the exam- 
ples illustrated in Figures 4-6, when the HF con- 
centration is fixed at 0.5 wt% (Figure 4), 4.0 wt% 



(Figure 5), and 8.0 wt% (Figure 6), as the con- 
centration of NH4F varies, although there is a cer- 
tain error compared with the data shown in Figure 
3, the results obtained nearly correspond to Figure 

5 3. In particular, when HF = 4.0 wt%, the etching 
rates for the BPSG layer and MTO layer become 
identical. This is a useful finding. 

Based on the aforementioned experimental re- 
sults, when etching is to he performed for the 

10 laminate film of BPSG and MTO, in order to etch 
BPSG without affecting the underlying MTO layer 
so as realize surface flatness, to make a free 
selection of the etching rates of the two layers (with 
the etching rate ratio of BPSG/MTO in the range of 

15 0.6-0.8), to etch MTO layer appropriately (with an 
appropriate etching rate difference from that for 
nitride), and to etch the interlayer insulating layers 
with high uniformity, this invention dictates that it is 
necessary to use a buffered hydrofluoric acid with 

20 a basic composition of 
HF = 1.6-6 wt% 
NH*F = 2.5-10 wt% 

(water may be used as the solvent) as the etching 
solution. 

25 For this basic composition, in consideration of 

the etching rate ratio of BPSG layer and MTO 
layer, in order to further ensure the aforementioned 
effect, it is preferred that the composition be HF = 
2-5 wt% and NH4F = 3-8 wt%. In particular, the 

30 composition at which the etching rate for the BPSG 
layer is identical to that for the MTO layer, such as 
the composition with HF = 1.6-6 wt% (or prefer- 
ably 2-5 wt%) and NH^F = 6 wt%, is desired. 

In the following, an example of the method for 

35 preparing the dynamic RAM memory cell by using 
the aforementioned etching solution will be pre- 
sented with reference to Figures 7-20. 

First of all, as shown in Figure 7, field Si02 film 
(2) is formed selectively on a principal surface of a 

40 p~-type silicon substrate (1) using the conventional 
LOCOS method. Then, gate oxide film (5) is 
formed using the thermal oxidation method. The 
first layer of polysilicon is deposited using the CVD 
method. It is processed to form the polysilicon 

45 word line WL by patterning using the photoetching 
method. Then, with word tine WL used as the 
mask, n-type impurity (such as arsenic or phos- 
phorus) (40) is implanted into silicon substrate (1) 
using the ion implantation method, and n + -type 

50 semiconductor regions (3') and (4') are formed 
using the self-alignment method. 

Then, as shown in Figure 8, the conventional 
sidewall technology is adopted to etchback the 
insulating layer (such as the Si02 layer) deposited 

55 on the entire surface using the CVD method, for- 
ming Si02 sidewall (6) selectively on the side sur- 
face of word line WL. Then, with word line WL and 
sidewall (6) used as the masks, n-type impurity 
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(such as arsenic or phosphorus) (41) is implanted 
using the ion implantation method into said n + -type 
source regions (3') and (4*) in a stacked manner 
with relatively large depth, and n + -type source re- 
gion (3) and n + -type drain region (4) are formed 
using the self-alignment method. In this way, trans- 
fer gate TR is formed. 

Then, as shown in Figure 9, on the surface of 
silicon substrate (1), Si0 2 layer (7) for passivation, 
Si 3 N* layer (8) for protection of the base layer, and 
Si02 layer (9) for forming the fin portion are lami- 
nated in order, and a portion of the laminate film on 
n + -type source region (3) is selectively removed by 
stack-cutting using dry etching forming contact 
hole (10). 

Here, Si0 2 layers (7) and (9) may be made of 
MTO (Middle Temperature Oxide) by means of low 
temperature CVD, as explained above. For exam- 
ple, these layers may be formed to a thickness of 
about 500 A under the following conditions. 

Gas flow rate (volumetric ratio): SihU = N 2 0 = 

1:10 

(SihU = 300 seem, N 2 0 = 3000 seem 

Pressure: 0.001 atm 

Temperature: 400-800 * C 

In addition, said Si 3 N* layer (8) may be formed 
to a thickness of about 200 A using the CVD 
method. Also, the conventional RIE (Reaction Ion 
Etching) method may be adopted for forming said 
contact hole (10). 

Then, as shown in Figure 10, the photoetching 
method is adopted for forming the pattern on the 
second layer of polysilicon deposited on the entire 
surface using the CVD method, with portions left 
selectively so that connection is made with the n + - 
type region coated on contact hole (10), forming a 
portion of the lower electrode of the cell capacitor. 
The thickness of this polysilicon layer (16) is, for 
example, about 4500 A, and it is 3000 A from the 
surface of MTO layer (9) (the thickness of fin 
portion (16a)). 

Then, as shown in Figure 1 1 , under the same 
conditions as above, MTO layer (20) with a thick- 
ness of, say, 500 A is deposited on the entire 
surface. Then, for example, under the following 
listed conditions, said BPSG (Boron Phosphor-dop- 
ed Silicate Glass) layer ^(21) is deposited to a 
thickness of about 7,000 A. After deposition of the 
BPSG layer, thermal reflow processing is per- 
formed under the following conditions to make the 
surface flat. Intrinsically, reflow can facilitate flatten- 
ing of the surface so as to form a finished surface 
free of steps. This is preferable for realizing a 
higher IC integration level. 

Gas flow rate: SiH 4 : 0 2 : B 2 H 6 : PH 3 = 10:1000: 

1:2 

Pressure: 1 atm 
Temperature: 400-500 *C 



Thermal reflow conditions: 
Temperature: 800-900 "C 
Time: 5-20 min 

Then, as shown in Figure 12, according to this 
5 invention, the aforementioned buffered hydrofluoric 
acid (HF= 6 wt%, NH 4 F = 5-6 wt%) is used to 
etchback BPSG layer (21) at room temperature for 
a time in the range of 1 .5-2 min, such as for 2 min. 
As a result, on the level indicated by the solid line, 
jo BPSG layer (21) is left with the largest thickness of 
4000 A, and MTO layer (20) is exposed on poly- 
silicon layer (16). 

In this case, for the etching solution, the com- 
position is controlled as above. Consequently, the 
T5 etching rate for BPSG layer (21) is about 1.1-1.2 
times the etching rate for MTO layer (20) (for 
example, the etching rate for the BPSG layer is 
about 2550 A/min, and the etching rate for the 
MTO layer is about 2250 A/min.) (See Figure 1) As 
20 a result, even when BPSG layer (21) is thick, 
sufficient selective etchback can be made, the 
etched surface can be maintained flat, and it is 
possible to ensure reliable exposure of MTO layer 
(20) on polysilicon layer (16), while MTO layer (20) 
25 is substantially not etched under the control. 

Then, as shown in Figure 13, a portion of MTO 
layer (20) on polysilicon layer (16) is removed by 
photoetching to form through-hole (23). In addition, 
by using a CVD method, a third layer of polysilicon 
30 (22) with a thickness of, say, 3000 A is deposited 
on the entire surface. 

Then, as shown in Figure 14, by means of 
photoetching, polysilicon layer (22) is processed to 
a pattern substantially identical to that of poly- 
35 silicon layer (16) as the lower layer, and it is 
laminated as a portion of the lower electrode of the 
capacitor, with connection made to polysilicon layer 
(16) via through-hole (23). 

In this case, when etching of polysilicon layer 
40 (22) is performed, as explained with reference to 
Figure 12, etching of BPSG layer (21) can be 
performed with high quality, with a flat surface. 
Consequently, it is possible to suppress the step 
between MTO layer (20) and BPSG layer (21) to a 
45 minimum. In this way, the following excellent ef- 
fects can be realized. 

(1) In the photoetching (photolithography) per- 
formed for processing polysilicon layer (22), it is 
possible to improve the quality of processing of 
so the mask (photoresist) and its alignment, to im- 
prove the focus depth and resolution in expo- 
sure, and to increase the margin at the time of 
processing. Consequently, it is appropriate for 
micron processing. 
55 (2) When polysilicon layer (22) is dry-etched, 
the step can be minimized. Consequently, the 
amount of the etching residue left at the step 
portion can he reduced significantly or entirely 
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eliminated. Consequently, the etching margin 
can be increased, and this corresponds well to 
an increase in the integration level of the device 
manufactured. 

(3) Since BPSG layer (21) can he etched to the 
maximum limit until the surface of MTO layer 
(20) is reached, it is possible to reduce the 
height of polysilicon layer (22) (in particular, its 
fin portion (22a)), so that the subsequent wiring 
process can be performed easily, and the pro- 
cessing margin can be increased. 
In this way, after the good etching processing 
for polysilicon layer (22), as shown in Figure 15, 
the aforementioned buffered hydrofluoric acid of 
this invention is used again for sequentially etching 
BPSG layer (21), MTO layer (20), and MTO layer 
(9) at room temperature for 2.5-4 min, such as 3 
min, forming fin portions (16a) and (22a) on poly- 
silicon layers (16) and (22) (that is, the lower elec- 
trode of the capacitor) by making appropriate pro- 
cessing for the lower electrode of the fin-shaped, 
stacked structure. 

In this case, as the buffered hydrofluoric acid 
used has an etching rate for the BPSG layer higher 
than that for the MTO layer, it is possible to etch 
off BPSG layer (21) first, and then to etch off 
underlying MTO layers (20) and (9). Consequently, 
a fin-shaped, stacked structure can be reliably 
formed. 

As the etching rate for BPSG layer (21) is high, 
Si 3 N* layer (8) as the base layer of MTO layer (9) 
is substantially not etched (in this case, the etching 
rate of Si 3 r\U layer is suppressed to about 18 
A/min). Consequently, Si3N 4 layer (8) can protect 
the underlying MTO layer (7). This is, it acts as an 
etching mask (etching stop) for this MTO layer. 

Then, as shown in Figure 16, the CVD method 
is used to deposit a dielectric film on the entire 
surface. For example, Si3N* film (26) with a thick- 
ness of about 60 A is deposited. Then, the Si 3 N 4 
film is oxidized, and the pinholes are buried by the 
oxide coating, with the dielectric film forming a fine 
film. 

Then, as shown in Figure 17, the CVD method 
is used to deposit the fourth layer of polysilicon 
(27) to a thickness of about 700 A. It is then 
processed by photoetching to form a pattern of the 
upper electrode of cell capacitor CAP. Then, an 
MTO layer (28) with a thickness of about 1000 A 
and a BPSG layer (29) with a thickness of about 
7000 A are deposited on it in order using the CVD 
method. The BPSG layer is then subject to the 
same thermal reflow treatment as above. The con- 
ditions for depositing MTO layer (28) and BPSG 
layer (29) are the same as above. 

Then, as shown in Figure 18, based on this 
invention, the aforementioned buffered hydrofluoric 
acid is used again to perform selective etchback of 



BPSG layer (29) to the position indicated by the 
solid line, so that MTO layer (28) is exposed on 
polysilicon layer (22), and the surface becomes flat. 
In this case, too, as the surface becomes flat, the 

5 subsequent wiring process becomes easier. 

In this etchback operation, just as for the etch- 
back operation explained above (see Figure 12), 
BPSG layer (29) is etched back to the maximum 
limit to reach the surface of MTO layer (28). For 

10 this purpose, the buffered hydrofluoric acid is used 
based on this invention, and the etching margin is 
increased by setting the etching rate for BPSG 
layer (29) to about 1.1-1.2 times that of MTO layer 
(28). 

rs Then, as shown in Figures 19 and 20, a portion 

of the insulating layers on the n + -type region (4) is 
removed by means of photoetching to form contact 
hole (31), and then, for example, the sputtering 
method is used to deposit an electroconductive 
20 material (such as aluminum) on the entire surface, 
followed by processing to form the prescribed pat- 
tern of bit lines BL. In this way, a dynamic RAM 
(such as 64M) with memory cells having fin- 
shaped, stacked cell capacitors CAP incorporated 
25 in it is completed. 

In this case, when bit lines BL are processed, 
BPSG layer (29) is etched back well, so that its 
surface becomes flat. Consequently, the step be- 
tween MTO layer (28) and BPSG layer (29) can be 
30 minimized. In this way, the following good effects 
can be realized. 

(1) In the photoetching (photolithography) per- 
formed for processing the bit lines BL, it is 
possible to improve the quality of processing of 
35 the mask (photoresist) and its alignment, to im- 
prove the focus depth and resolution in expo- 
sure, and to increase the processing margin. 
Consequently, it is appropriate for micron pro- 
cessing. 

40 (2) When bit lines BL are dry-etched, the step 
can be minimized. Consequently, the amount of 
the etching residue left at the step portion can 
be reduced significantly or entirely eliminated. 
Consequently, the etching margin can be in- 

45 creased, it is possible to prevent short-circuit 
between the bit lines, and this facilitates forma- 
tion of the micron device. 
(3) Since BPSG layer (29) can be etched to the 
maximum limit until the surface of MTO layer 

so (28) is reached, it is possible to reduce the 
height of bit lines BL (in particular, on the ca- 
pacitor). Also, it is possible to reduce the depth 
of contact hole (31), to improve the step cov- 
erage in sputtering of the electroconductive ma- 

55 terial, to improve the contact state, and to in- 
crease the margin. 
Figures 21-27 are diagrams illustrating another 
example of the manufacturing method of the mem- 
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ory cells of the dynamic RAM based on this inven- 
tion. In this example, the same symbols are adopt- 
ed to designate the same parts as in the example. 
Therefore, they will not be explained again. 

In this example, as shown in Figure 21, MTO 5 
layer (7) and MTO layer (9') made by doping 2-4% 
of phosphorus are laminated in order on silicon 
substrate (1) in the same way as explained with 
reference to Figures 9 and 10. (It is possible to 
form said two layers (7) and (9*) in monolayers; 10 
also, Si3N4 layer (8) may be formed or not formed.) 
In contact hole (10) formed on this laminate film, 
polysilicon layer (16) is formed as the lower elec- 
trode of the cell capacitor. 

Then, as shown in Figure 22, only MTO layer 15 
(9'), which has a higher etching rate than MTO 
layer (7) due to doping of the impurity, is etched 
off, so that fin portion (16a) is formed on polysilicon 
layer (16). In this case, the etching solution used is 
preferably the etching solution made of the buf- 20 
fered hydrofluoric acid according to this invention 
(with a low NH4F concentration; for example, with 
NH+F = 3 wt% and HF = 6 wt%, or with NH 4 F = 
3 wt% and HF = 1.6 wt%). Of course, it is possi- 
ble to use other compositions for the etching solu- 25 
tion (such as an etching solution containing only 
HF). 

Then, as shown in Figure 23, the CVD method 
is adopted to coat an St3N4 dielectric film (26) on 
the entire surface. Then, as shown in Figure 24, 30 
polysilicon layer (27) deposited on the entire sur- 
face using the CVD method is subject to 
photoetching to form a pattern of the upper elec- 
trode on the cell capacitor. 

Then, as shown in Figure 25, MTO layer (28) 35 
and BPSG layer (29) are deposited on the entire 
surface. The conditions for depositing these layers 
are identical to those adopted above. 

Then, as shown in Figure 26, in the same way 
as explained above, buffered hydrofluoric acid (with 40 
HF = 6 wt% and NH 4 F = 5-6 wt%) based on this 
invention is used to etchback BPSG layer (29) to 
the position indicated by the solid line, so that the 
surface becomes flat, and, at the same time, MTO 
layer (28) is exposed on polysilicon layer (16). 45 

Then, as shown in Figure 27, contact holes (31) 
are formed on n + -type region (4), and bit lines BL 
are coated with the prescribed pattern. 

In this example, cell capacitor CAP has a 
stacked structure, while the lower electrode is so 
formed in the form of a monolayer instead of a fin 
shape. However, just as in the aforementioned ex- 
ample, in the processing step illustrated in Figure 
26, BPSG layer (29) is etched back. Consequently, 
the same effect with respect to flattening of the 55 
surface as described above can be realized. 

In the above, this invention was explained with 
reference to application examples. However, this 



invention it not limited to these application exam- 
ples, as variations can be made based on the 
technological ideas of this invention. 

For example, it is possible to change the basic 
composition of HF and NH*F for the aforemen- 
tioned buffered hydrofluoric acid over an appro- 
priate range. Also, as a third component, a surfac- 
tant can be added in small amounts for reducing 
the surface tension. Also, it is possible to control 
the conditions (temperature, time, etc.) for the etch- 
ing operation. 

The etching solution used in this invention is 
not limited to what was explained in the aforemen- 
tioned examples. For example, in the etchback 
processing step shown in Figures 12 and 18, other 
conventional flattening methods and the buffered 
hydrofluoric acid and HF with a composition out- 
side of the range of this invention may he adopted. 
However, at least in the etching processing step 
shown in Figure 15 (formation of fin-shaped, 
stacked structure), the buffered hydrofluoric acid of 
this invention must be used. 

Also, the film formation conditions for the inter- 
layer insulating layers with the etching solution of 
this invention used and the types of materials may 
be selected appropriately. For example, it is possi- 
ble to form the MTO layers using the liquid-phase 
CVD method. Also, it is possible to use oxides 
other than MTO, and impurity-doped oxides other 
than BPSG (including those doped with only boron 
or phosphorus) for forming the insulating layers. 

For the aforementioned dielectric film, the ma- 
terials used may also be changed, and the layer 
structure may also he changed (in particular, for 
the cell capacitor portion, the lower electrode may 
have 3 or more layers, and the shape of the fin 
may also be changed). 

Also, according to this invention, in addition to 
the aforementioned dynamic RAM having stacked 
cell capacitors, other structures may be adopted. 
For example, it is possible to adopt a structure in 
which the aforementioned stacked cell capacitor is 
arranged on an Si02 film, and the lower electrode 
of the capacitor is extended to make connection to 
the source region of a transfer gate. Also, the 
electroconductive type of the aforementioned semi- 
conductor region can he changed, or this invention 
may be adopted for the other portions of the semi- 
conductor device and for other types of devices. 

Effects of the invention 

As explained above, according to this inven- 
tion, a first insulating layer and a second insulating 
layer are formed in order on a semiconductor sub- 
strate. Of these insulating layers, at least the sec- 
ond insulating layer is etched to manufacture the 
semiconductor device. In this case, an etching so- 



10 



19 



EP 0 669 646 A1 



20 



lution containing 1.6-6 wt% of hydrogen fluoride 
and 2.5-10 wt% of ammonium fluoride is used in 
the aforementioned etching operation. The etching 
rate ratio of the first and second insulating layers 
can he set appropriately, and the various layers 
can be etched with excellent controllability. In this 
way, the surface is flat after the etching operation, 
and the etching operation can be performed in 
uniform fashion. 

Reference numerals 

1, silicon substrate 

3, n + -type source region 

4, n + -type drain region 

7, 9, 20, 28, MTO layer (low-temperature CVD 
oxide film) 

8, Si 3 N+ layer 

9', doped MTO layer 

16, 22, polysiticon layer (lower electrode) 

16a, 22a, fin portion 

21, 29, BPSG layer (CVD oxide film doped with 
boron or phosphorus) 
21 \ BL\ etching residue 

26, dielectric film 

27, polysificon layer (upper electrode) 
WL, word line 

BL, bit line 
CAP, cell capacitor 
TR, transfer gate 
M-CEL, memory cell 

Claims 

1. A method of manufacturing a semi-conductor 
device where forming a first insulating layer 
and a second insulating layer in order on a 
semi-conductor substrate; etching at least the 
second insulating layer with an etching solution 
including hydrogen fluoride and ammonium flu- 
oride. 

2. The method described in Claim 1, wherein the 
etching step comprises etching with a solution 
comprising about 1.6-6 wt% of Hydrogen Flu- 
oride and about 2.5 - 10wt% of Ammonium 
Fluoride. 

3. The method described in Claim 1 or Claim 2, 
further comprising forming the first insulating 
layer of silicon oxide grown at a low tempera- 
ture, and the second insulating layer of silicon 
oxide containing boron and/or phosphorus. 

4. The method described in any preceding claim, 
further comprising etching the second insulat- 
ing layer so that its surface becomes flat. 



5. The method described in any one of Claims 1- 
4, further comprising forming a capacitor in a 
memory cell, forming the first insulating layer 
as the interlayer insulating film; forming, the 

5 second insulating layer on the aforementioned 

first insulating layer. 

6. The method described in Claim 5, further com- 
prising laminating the second electroconduc- 

w tive layer as the lower electrode on the first 

electroconductive layer so as to form the 
stacked eel! capacitor, and carrying out the 
following processing steps:- 
processing step in which a first insulating layer 

75 and a second insulating layer are formed in 

order on the aforementioned first electrocon- 
ductive layer; 

processing step in which the aforementioned 
second insulating layer is etched to become 
20 flat, while the aforementioned first insulating 

layer is exposed on the aforementioned first 
electroconductive layer; 

processing step in which the exposed first 
insulating layer is removed selectively, and the 
25 aforementioned second electroconductive layer 

is formed on the aforementioned removal re- 
gion; 

processing step in which the aforementioned 
second insulating layer and the aforemen- 

30 tioned first insulating layer are etched after the 

aforementioned processing step; 
processing step in which, after the etching 
operation, a dielectric film is formed on the 
surface of the aforementioned second elec- 

35 troconductive layer; 

processing step in which a third electroconduc- 
tive layer is formed as the upper electrode on 
the aforementioned dielectric film; 
processing step in which the aforementioned 

40 first insulating layer and the aforementioned 

second insulating layer are formed in order on 
the aforementioned third electroconductive lay- 
er; 

and a processing step in which the second 
45 insulating layer is etched to become flat. 

7. The method described in Claim 5 or Claim 6 
further comprising forming the cell capacitor 
with only the first electroconductive layer used 

so as the lower eiectrode, by carrying out the 

following processing steps:- 
processing step in which a dielectric film is 
formed on the aforementioned first electrocon- 
ductive layer; 

55 processing step in which an upper electrode is 

formed on the aforementioned dielectric film; 
processing step in which the first insulating " 
layer and second insulating layer are formed in 
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order on the aforementioned upper electrode; 
and a processing step in which the second 
insulating layer is etched to become flat. 

8. The method described in Claim 6 or 7, further 
comprising forming the cell capacitor in the 
shape of a fin, and forming the first insulating 
layer directly beneath the fin portion of the first 
electroconductive layer. 

9. The method described in any one of Claims 6- 
8 further comprising providing the first elec- 
troconductive layer connected to the source 
region of the memory cell, forming the first 
insulating layer and second insulating layer on 
the upper electrode on the drain region of the 
memory cell, and, on this drain region, forming 
a contact hole on the insulating layer, including 
the first insulating layer and second insulating 
layer. 

10. A type of etching solution used at least for 
etching the second insulating layer in the 
method described in any one of Claims 1-9, 
and comprising about 1.6-6 wt% of hydrogen 25 
fluoride and about 2.5-10 wt% of ammonium 
fluoride. 

11. A semi-conductor device formed in accordance 
with the method of any of claims 1 to 9. 30 

12. A semi-conductor device of Claim 11, in the 
form of a memory device. 

13. A memory device including a semi-conductor 35 
device according to Claim 1 1 . 

14. A memory device according to Claim 13, in- 
cluding a stacked capacitor. 

40 
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